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® A method for testing smoke sensor and a smoke sensor having a function of executing the test 



@ A method for testing smoke sensor is to set a 
predetermined level for alarm generation on the ba- 
sis of an information on a first output of a main light 
receiving element (SPD) for a stray light caused by 
an emitted light from a main light emitting element 
(LED), a second output of an auxiliary, light receiving 



element for the emitted light directly received from 
the main light emitting element and a composite 
output of the first and second outputs whereby tests 
for confirming normal operation and the like of the 
smoke detector can be executed with a high preci- 
sion. 
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SPECIFICATION 

BACKGROUND OF THE INVENTION 

This invention relates to methods for testing 
smoke sensors as well as the smoke sensors hav- 
ing a function of executing the test according to 
such method. 

Such testing function for the smoke sensors of 
the kind referred to may be effectively contributive 
to automatic tests for confirming normal operation 
and so on of the snioke sensors at a remote 
position therefrom. 

DESCRIPTION OF RELATED ART 

Referring to known smoke sensors of the kind 
referred to, there has been suggested in, for exam- 
ple, Japanese Patent Publication No. 55-26515 of 
Yasumasa Teraoka et al. a smoke sensor which 
comprises a main light source, a main light receiv- 
ing element disposed for not receiving directly a 
light beam from the main light source but receiving 
a scattered light of the light from the main light 
source, an auxiliary light source disposed for caus- 
ing an auxiliary light beam to be incident directly 
on the main light receiving element, and an auxil- 
iary light receiving element for receiving directly 
the light beam from the main light source. Upon 
testing this sensor, the light beam from the main 
light source in its normal lighting state is made 
incident on the auxiliary light receiving element, an 
output signal from this auxiliary light receiving ele- 
ment in response to received amount of this in- 
cident light is processed at a proper electronic 
signal processing circuit, the auxiliary light source 
is lighted by an output of the processing circuit, the 
light from the auxiliary light source is made in- 
cident on the main light receiving element, and an 
output signal of the main light receiving element in 
response to received amount of this light received 
is processed at a further proper electronic signal 
processing circuit so that a reporting operation as 
required can be executed. With this arrangement, it 
Is made possible to discriminate from the output of 
the main and auxiliary light receiving elements 
whether or not a sensing space within the smoke 
sensor is in a normal operational state. 

In the known smoke sensors of the kind re- 
ferred to, on the other hand, there has been pro- 
vided at an inlet port for leading smoke thereinto a 
net for preventing dust, insects and the like from 
entering into the interior, and this dust preventing 
net has been a cause of a trouble once the net is 
clogged by the dust or the like so that flow rate of 
smoke to the Interior of the sensor may be reduced 
or even the smoke flow may be blocked, whereas 
this problem has been out of the subject of the 



testing operation of the known smoke sensor. 

As an arrangement for detecting such clogging 
of the dust preventing net, there has been sug- 
gested in, for example, Japanese Laid-Open Patent 

5 Publication No. 2-181297 of Kazunori Kobayashi a 
smoke sensor in which an auxiliary light emitting 
element is disposed outside the dust preventing 
net, a light receiving element is provided to be 
capable of receiving a stray light beam caused to 

70 be present through the dust preventing net and 
Inside a sensing space, an output signal of the light 
receiving element in accordance with the quantity 
of light received is processed at a proper signal 
processing circuit and the clogging of the dust 

15 preventing net can be detected on the basis of an 
information based on the processed signal So long 
as the sensor is in its normal operation, any scat- 
tered light of the light from the main light emitting 
element is made to be receivable at the main light 

20 receiving element while the descent in the quantity 
of light received at the light receiving element can 
be caused to occur even due to a deterioration of 
the main light receiving element. Consequently, the 
descent in the quantity of light received at the light 

25 receiving element is caused by the deterioration of 
the main light emitting element in addition to the 
clogging of the dust preventing net. so that there 
arises a difficulty in discriminating between these 
different causes. 

30 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention, 
therefore, to provide a method for testing the 

35 smoke sensor of scattering and photoelectric type 
which can overcome the foregoing problems and 
can reliably detect the deterioration of the main 
light emitting element and the clogging of the dust 
preventing net, as well as a smoke sensor having a 

40 function of executing the test. 

According to the present invention, this object 
can be realized by a method for testing a smoke 
sensor in which a light beam emitted from a main 
light emitting element and scattered in an interior 

45 sensing space is received at a main light receiving 
element, and an output signal responsive to the 
quantity of light received at the main light receiving 
element is processed at a signal processing circuit 
for sensing the presence of smoke on the basis of 

50 an information obtained ■ from said signal pro- 
cessed, characterized in that the method com- 
prises a first step of obtaining an output of the 
main light receiving element corresponding to a 
stray light resulting from the light beam from the 

55 main light emitting element and received and elec- 
trically converted at the main light receiving ele- 
ment, a second step of obtaining through an elec- 
tric conversion a composite output of an output of 
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an auxiliary liglit receiving element corresponding 
to the light beam from the main light emitting 
element and directly received by the auxiliary light 
receiving element and the output corresponding to 
the stray light, and a third step of obtaining an 
emitted light level of the main light emitting ele- 
ment from the composite output of the second step 
and the output of the first step for generating an 
alarm when the level is other than a predetermined 
first level. 

Other objects and advantages of the present 
invention shall be made clear in following descrip- 
tion of the invention detailed with reference to 
embodiments shown in accompanying drawings. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIGURE 1 is a schematic side view of the 
smoke sensor having the function of executing 
the test according to the present invention; 
FIG. 2 is a sectioned view at a main part of the 
smoke sensor of FIG. 1; 

FIG. 3 is a schematic block diagram of the 
smoke sensor with the signal processing circuit 
as in FIG. 1; 

FIG. 4 is a flow chart of the method for testing 
the smoke sensor of FIG. 1 ; and 
FIG. 5 shows graphically the relationship be- 
tween the output of the main light receiving 
element and smoke concentration In the smoke 
sensor of FIG. 1. 

While the present invention shall now be ex- 
plained with reference to the embodiments shown 
in the drawings it should be appreciated that its 
intention Is not to limit the present Invention only to 
the particular embodiments but rather to include all 
alterations, modifications and equivalent arrange- 
ments possible within the scope of appended 
claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, a smoke sensor having a function of 
executing a test according to the present invention 
shall be described with reference to FIGS. 1 
through 3. The sensor generally comprises a cas- 
ing CA which include a detecting projection DP 
having smoke intrusion ports IP, and a sensing 
space SP defined inside the casing CA and com- 
municating with the smoke intrusion ports IP 
through a dust preventing net NP disposed be- 
tween the sensing space SP and the smoke intru- 
sion ports IP for preventing such sensing obstacles 
as the dust, insects and so on from entering Into 
the space. At a proper position of peripheral wall of 
the sensing space SP, there Is provided a main 
light emitting element LED while a main light re- 



ceiving element SPD is provided at a proper posi- 
tion of the wall where a light beam emitted from 
the main light emitting element LED is not Incident 
directly, and an auxiliary light receiving element AD 
5 is disposed at a proper position also of the wall 
where the light beam from the main light emitting 
element LED is Incident. Further, at a position 
outside the dust preventing net NP but inside the 
detecting projection DP, an auxiliary light emitting 

10 element AL is provided for emitting a light beam 
through the dust preventing net NP into the sens- 
ing space SP. In addition, on the side of the 
sensing space SP with respect to the dust prevent- 
ing net NP, scattered light absorbing plates LP are 

15 disposed for preventing a scattered light due to the 
dust preventing net NP from reaching directly the 
main light receiving element SPD. In this case, the 
light beam emitted from the auxiliary light emitting 
element AL is caused to partly pass through the 

20 dust preventing net NP and directly into the sens- 
ing space SP and to be partly reflected by the dust 
or the like deposited on the net, and the state of 
clogging of this dust preventing net NP should 
preferably be discriminated by sensing the former 

25 part of the light passed through the net. However, 
since the dusts are generally not fully obstacle to 
light in microscopic sense and are mostly fibrous 
members of milky white or light gray, they are apt 
to cause any incident light diffused or scattered In 

30 all directions so as to be partly added onto the 
passing light. Here, the scattered light absorbing 
plates LP are extended sufficiently toward the 
sensing space SP so that the scattered or diffused 
light can be thereby absorbed so as not to allow 

35 such light to reach the Interior sensing space SP. 

An attenuator ATT is connected to the auxiliary 
light receiving element AD, while an amplifier AMP 
Is connected to both of the attenuator ATT and 
main light receiving element SPD, and a control 

40 means CONT incorporating therein a signal con- 
verting section, memories, operational section and 
the like Is connected to this amplifier AMP. These 
components forming an electronic signal process- 
ing circuit are all accommodated within the casing 

45 CA to be adjacent to the sensing space SP, and 
the main light emitting element may be kept being 
constantly intermittently lighted preferably with an 
application of pulse voltage. 

Next, the testing method of the present inven- 

50 tlon shall be explained further in conjunction with 
FIG. 4. In having the smoke sensor started to 
operate after its installation, an electric power 
source Is connected to impress the voltage upon 
the sensor (step "1 "), and thereafter an initial stage 

55 stray light level is measured, i.e., the main light 
emitting element LED Is operated to have a stray 
light occurring on the peripheral wall of the sensing 
space SP upon absence of smoke received by the 
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main light receiving element SPD (step "2"). An 
output of this main light receiving element SPD is 
amplified at the amplifier AMP and is thereafter 
subjected to a signal conversion for easier process- 
ing at the control means CONT, and thus con- 
verted signal is stored as the stray light level Mo in 
a proper memory (not shown), which level Mo 
denoting the stray light level at the initial stage of 
the use of the sensor where interior wall surface of 
the sensing space SP is not contaminated. 

Then, the auxiliary light emitting element AL is 
lighted with the main light emitting element LED 
kept in the light emitting state (step "3"), so that 
the stray light due to the light from the main light 
emitting element LED as well as a scattered light of 
the light beam from the auxiliary light emitting 
element AL and reflected on bottom wall surface of 
the sensing space SP will be received at the main 
light receiving element SPD, a resultant output of 
which element is amplified at the amplifier AMP 
and is thereafter provided to the control means 
CONT, and the level of this output from the main 
light receiving element SPD is stored as Mi in the 
memory (step "4"). The level Mi at this time is of 
the state of no deposition of contamination to the 
interior surface of the sensing space SP nor to the 
dust preventing net NP. For the scattered light of 
the light beam from the auxiliary light emitting 
element AL, an initial quantity of light is regulated 
at the stage of manufacturing the sensor so as to 
be of a value closer to a smoke sensing level in 
normal supervisory state of the main light receiving 
element, that is, to an alarming level. With this 
regulation, it is made possible to detect at a high 
precision a sensitivity variation of the smoke sensor 
since such relationship as shown in FIG. 5 between 
the output of the main light receiving element and 
the smoke concentration is assumed as being mea- 
sured. Further, from the level Mo obtained at the 
step "2" and the level Mi at the step "4", an 
operation of Mi -Mo = Mg is carried out at an operat- 
ing section of the control means CONT, and the 
resultant level Mg is stored in the memory (step 
"5"). With execution of these steps "3" to "5", a 
quantity of light passing through the dust prevent- 
ing net NP at the initial stage can be measured. 

Then, the main light emitting element LED is 
placed in the light emitting state, and the attenuator 
ATT is made active with a control signal applied 
thereto (step "6"). Thereafter, the output of the 
main light receiving element SPD and the output of 
the auxiliary light receiving element AD through the 
attenuator ATT are provided to the amplifier AMP 
to have a composite output provided thereout to 
the control means CONT where the level of the 
composite level is obtained as Pi (step "7"). At the 
operating section of the control means CONT. the 
level Pi obtained at the step "7" and the level Mo 



at the step "2" are subjected to an operation of Pi- 
Mo = Ns, the result of which is stored in the mem- 
ory (step "8"), wherein Ns denotes a light emitting 
level of the light beam from the main light emitting 

5 element LED as received at the auxiliary light re- 
ceiving element AD arid attenuated at the attenua- 
tor ATT. Here, an adjustment is made to the at- 
tenuator ATT so that Pi =Mi (wherein e denotes 
minute values including zero) and, hereafter, the 

10 amount of attenuation X is fixed. In the event of the 
absence of any deposition of dust or the like in the 
sensing space SP or at the dust preventing net NP 
or, in other words, in the case of the output Mi of 
the main light receiving element SPD at the test of 

75 the dust preventing net NP at its Initial stage of use 
is set substantially equal to the alarming level for 
smoke occurrence during the normal smoke su- 
pervision, whereby the main light receiving element 
output and smoke concentration can be made to 

20 be of a linear relationship with the level Mo made 
as the basic point. With such execution of the 
foregoing steps "6" to "8", the quantity of light 
emitted by the main light emitting element LED can 
be measured. 

25 The foregoing steps "1 " through "8" constitute 
a regulation at the initial stage of the use of the 
smoke sensor. 

In the normal operating state of the smoke 
sensor, the main light emitting element LED is kept 

30 being intermittently lighted preferably with the ap- 
plication of the pulse voltage so that the emitted 
light beam will be incident to the sensing space 
SP. Upon Intrusion of the smoke Into the sensing 
space SP in the above state, the degree of scatter- 

35 ing of the emitted light beam is caused to be 
relatively elevated by constituent particles of the 
smoke, a relatively large quantity of light is caused 
to be received at the main light receiving element 
SPD, and an alarm is thereby caused to be gen- 

40 erated. In the absence of any intrusion of smoke 
into the sensing space SP, on the other hand, the 
stray light is present within the sensing space SP 
and is received by the main light receiving element 
SPD to have an output Mo' of the amplifier AMP- 

45 provided as an input to the control means CONT, 
and a corresponding signal is stored in a. proper 
memory (step "9" ). This output Mo* is of the stray 
light level as a result of the contamination of the 
inner wall of the sensing space SP with time 

50 lapsed, which level is taken up through a sampling 
for a remarkably long time In comparison with 
variation in the output signal due to the smoke 
Intrusion, so that a previous value will be replaced 
by this level to be used as a new reference for the 

55 following test. This respect per se has been known 
as . a socalled zero point compensation, Le.. a 
smoke concentration 0%/m compensation. Pro- 
vided that no command exists at the next stage, 
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the step is returned to the step "9" so that the 
supervisory operation with respect to the sensing 
space SP will be continued. 

When the step "9" is repeated for a predeter- 
mined number of times, a quantity of light measur- 
ing command is transmitted from a proper receiver 
(not shown), whereby a control signal F is provided 
to the attenuator ATT to make it active (step "11"). 
Then, the output of the main light receiving ele- 
ment SPD as well as the output of the auxiliary 
light receiving element AD passed through the at- 
tenuator ATT are amplified at the amplifier AMP to 
obtain an output P2 (step "12"). At the control 
means CONT, a difference P2-M0' between this 
output P2 and the output Mo' obtained at the step 
**9" is taken and is compared with Nst5i based on 
the foregoing difference Ng obtained at the step 
"8" (step "13"). The difference P2-Mo* is to repre- 
sent the quantity of light emitted from the main 
light emitting element LED at the particular mo- 
ment. So long as P2-M0* Is within the range of 
Ns±5i . the discrimination is so made that no irregu- 
larity exists while a state where P2-Mo*>Ns±5i is 
discriminated as involving an irregularity, and a 
state where P2-Mo'<Ns±$i is discriminated as an 
abnormal descent of the quantity of emitted light of 
the main light emitting element LED to have an 
alarm generated. Here, 5i is a constant for provid- 
ing a tolerance of allowing the difference lying 
within a predetermined range to be regarded as not 
irregular or abnormal in the comparative determina- 
tion for the measured quantity of light. 

In an event where a testing command for the 
dust preventing net is provided from a proper re- 
.ceiver, on the other hand, then the auxiliary light 
emitting element AL is lighted (step "14"). The 
stray light of the light from the main light emitting 
element LED as well as the scattered light of the 
particular light as reflected at the bottom wall of the 
sensing space SP are made to be received at the 
main light receiving element SPD. its output is 
amplified at the amplifier AMP and an output M2 is 
obtained (step "15"). Further, a difference M2-M0' 
between this output M2 and the foregoing output 
Mo' obtained at the step "9" is operated at the 
control means CONT, and this difference is com- 
pared with the foregoing difference Ms obtained at 
the step "5" (step "16"). The operated difference 
M2-Mo' is to represent the quantity of light which 
has passed through the dust preventing net NP at 
the particular moment. Here, so long as M2-M0' is 
within the range of Ms±52, the discrimination is so 
made as to be no irregularity is present, while a 
state M2-Mo*>Ms+52 is discriminated to be the 
presence of Irregularly scattered light due to the 
contamination at the bottom wall of the sensing 
space SP. and a state M2-Mo'<Ms-d2 is discrimi- 
nated as being the presence of the dust or the like 



deposited to the net NP so as to have the quantity 
of light passed therethrough decreased, an alarm 
being thereby caused to be generated. Here, §2 is 
a constant for providing a tolerance of allowing the 
5 difference lying within a predetermined range to be 
regarded as involving no problem in the compara- 
tive determination for the measured quantity of 
light. 

After completing the operation of the step 13 or 

10 16. the test is returned to the step "9". 

In addition, it should be readily appreciated 
that the receiver providing the commands for test- 
ing the deterioration of the main light emitting ele- 
ment at the stepis "11" to "13" and for testing the 

76 clogging of the dust preventing net at the steps 
"14" to "16" is driven by means of a command 
transmitted preferably automatically from a remote 
positioned transmitter for either one of these tests. 
In the present invention, further, a variety of 

20 design modifications may be possible. While, for 
example, the dust preventing net has been dis- 
closed as disposed in the interior of the detecting 
projection DP, the present invention is also ap- 
plicable to another arrangement in which the dust 

25 preventing net Is provided at the smoke intrusion 
ports IP of the detecting projection DP, so long as 
the auxiliary light emitting element is so disposed 
as to emit the light beam towards the sensing 
space from the exterior through such dust prevent- 

30 ing net. 

Claims 

1. A method for testing a smoke sensor wherein 

35 a light beam emitted from a main light emitting 
element and scattered within an interior sens- 
ing space of the smoke sensor is received at a 
main light receiving element, and an output 
signal responsive to the quantity of light re- 

40 ceived at the main light receiving element is 
processed at a signal processing circuit for 
sensing the presence of smoke on the basis of 
an information obtained from said signal 
processed, characterized in that the method 

45 comprises a first step of obtaining an output of 
the main light receiving element con^esponding 
to a stray light resulting from the light beam 
from the main light emitting element and re- 
ceived and electrically converted at the main 

50 light receiving element, a second step of ob- 
taining through an electric conversion a com- 
posite output of an output of an auxiliary light 
receiving element corresponding to said light 
beam from said main light emitting element 

55 and directly received by the auxiliary light re- 

ceiving element and said output corresponding 
to the stray light, and a third step of obtaining 
an emitted light level of the main light emitting 
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element from said composite output of said 
second step and said output of said first step 
for generating an alarm when said level is 
other than a predetermined first level. 

5 

2. A method for testing a smoke sensor wherein 
a light beam emitted from a main light emitting 
element and scattered within an interior sens- 
ing space of the smoke sensor is received at a 
main light receiving element, and an output io 
signal responsive to the quantity of light re- 
ceived at the main light receiving element is 
processed at a signal processing circuit for 
sensing the presence of smoke on the basis of 

an information obtained from said signal pro- 75 
cessed, characterized in that the method 
comprises a first step of obtiaining a first output 
of a main light receiving element correspond- 
ing to a stray light resulting from the light 
beam from the main light emitting element and 20 
received and electrically converted at the main 
light receiving element, a fourth step of obtain- 
ing a second output of the main light receiving 
element corresponding to a scattered light re- 
sulting from a light beam emitted from an 25 
auxiliary light emitting element disposed out- 
side a dust preventing net of the smoke sensor 
and to said stray light resulting from the light 
beam from the main light emitting element, 
said scattered light and stray light being both 30 
received and electrically converted at the main 
light receiving element, and a fifth step of 
obtaining a level of said scattered light of said 
auxiliary light emitting element from said first 
output of the first step and said second output 35 
of the fourth step for generating an alarm when 
said level is other than a predetermined , sec- 
ond level. 

3. A smoke sensor wherein a main light emitting 40 
element is disposed within a sensing space 
defined in the sensor and having at entrance 

part a dust preventing net, an auxiliary light 
emitting element is disposed outside the dust 
preventing net, and a main light receiving ele- 45 
ment is provided at a position where a light 
beam emitted from the main light emitting ele- 
ment is not made directly incident but receiv- 
ing a stray light in the sensing space and 
resulting from said light beam from the main so 
light emitting element as well as a scattered 
light In the sensing space and resulting from a 
light beam from said auxiliary light emitting 
element and reaching the sensing space 
through the dust preventing net. character- 55 
ized in that an auxiliary light receiving element 
is provided for receiving directly said light 
beam from the main light emitting element. 



and means is provided to receive an output of 
said auxiliary light receiving element for gen- 
erating an alarm when said output of the auxil- 
iary light receiving element is outside a pre- 
determined range. 

4. A smoke detector of claim 3. characterized In 

that an attenuating means is connected to said 
auxiliary light receiving element for attenuating 
said output thereof to a level close to an alarm- 
ing level of an output of the main light receiv- 
ing element, and an amplifying means Is con- 
nected to said main light receiving element 
and said attenuating means for amplifying the 
output of the main light receiving element and 
the output attenuated of the auxiliary light re- 
ceiving element. 
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